Abstract
INTRODUCTION
The Kyoto Protocol, the first step toward climate change mitigation, expired in 2012. Before launching the post-Kyoto scheme that would remain unclear and uncertain, we should analyze the extent to which countries achieve low carbon economies.
The Asia-Pacific economy, which includes the rapidly growing China and India, is one of the main sources of carbon dioxide emissions, which cause global warming. China surpassed the United States as the world's largest carbon dioxide emitter in 2007. In 2010, China accounted for 24% of all global fuel-related carbon dioxide emissions (International Energy Agency, 2012) . India and Japan are third and fifth, at 5.4 and 3.8%, respectively. Obviously, reducing carbon dioxide emissions is one of the most significant issues in the Asia-Pacific economy; however, it is unacceptable if it results in declining economic growth.
Efficiency studies have focused on w hether it is possible to reduce carbon emissions without impeding economic output by improving efficiency. Data envelopment analysis (DEA), originally proposed by Charnes et al. (1978) , has been applied for this purpose.
DEA is a powerful tool to measure the relative efficiency of decision-making units (DMUs), such as countries, regions, sectors, and firms. It includes the following three features: First, because DEA is a nonparametric linear programming methodology used to measure the efficiency of multiple DMUs, it does not require any functional form. Second, it can compute efficiency of multiple inputs and outputs. Third, it provides information on the extent to which the inefficient DMU saves inputs and increases outputs.
A number of studies have measured environmental efficiency by using DEA 1 . Zaim and Taskin (2000) , Lozano and Gutiérrez (2008) , and Sözen and Alp (2009) evaluate the environmental efficiency of developed countries, taking greenhouse gas emissions into consideration. In this way, data availability for developed countries has facilitated many studies. Environmental efficiency studies on the Asia-Pacific economy are as follows. Honma and Hu (2009) evaluate the environmental efficiency of Japanese re gions with respect to air pollution emissions and waste. Ke and Hu (2011) measure the environmental productivity of carbon dioxide emissions for 15
Pacific Rim economies in the Asia-Pacific Economic Cooperation (APEC). Hu and Wang (2006) propose the total -factor energy efficiency (TFEE), which is defined as the ratio of the target energy input, as suggested by the DEA, to the actual energy input, and measure the regional energy efficiency of China. The TFEE index has been applied to APEC economies (Hu and Kao, 2007) , Japan (Honma and Hu, 2008; , and Taiwan This paper aims to evaluate the environmental efficiency of the Asia-Pacific region by using the SBM super-efficiency DEA model and examine the relationship between environmental and economic efficiencies.
METHODOROGY
We briefly present the non-radial, non-oriented, constant returns to scale (CRS) SBM DEA model proposed in Tone (2002) . Suppose that
. Then, the input matrices and output matrices are given as
. The non-radial, non-oriented SBM efficiency of DMU o is defined in Tone (2001) as follows: 
DATA
The study uses a cross-country data set of the Asia-Pacific economy in 2007. There are three inputs and one output. The three inputs are the number of employed workers, capital stock, and carbon dioxide emissions. Following a traditional treatment of pollutants in environmental economics (López, 1994) , carbon dioxide is treated as a cost of production. Gross domestic product (GDP) is the sole output. All inputs and output data are taken from the Extended Penn World 
ENVIRONMENTAL AND ECONOMIC EFFICIENCY IN

ASIA-PACIFIC ECONOMIES
Solving the SBM DEA model, the environmental efficiency is calculated using labor, capital stock, and carbon dioxide emissions as inputs. The economic efficiency is calculated using labor and capital stock as inputs. Next, we investigate the relationship between environmental efficiency and per capita income by using the ordinary least squares (OLS) method. For this purpose, the following equation is estimated : 
CONCLUDING REMARKS
In this study, we measure environmental and economic efficienc ies and provide measures to reduce carbon dioxide emissions for 31 economies in the Asia-Pacific region. Furthermore, we investigate the relationship between environmental efficiency and per capita income. The empirical result presents a U -shaped relationship between the environmental efficiency and per capita income exists.
The turning income level is 4,239 US dolla r. Further studies need to enlarge a panel dataset and to incorporate other pollutants such as sulfur dioxide, nitrogen dioxide and suspended particulate matter (SPM).
